Magnetic behavior of ferromagnetic materials has been using to detect defects of materials. To evaluate the stress states of the components by the magnetic memory signal, Q235 defect asymmetrical samples were made. The characteristics of magnetic memory of Q235 have been studied in the three different testing environments which are online-loading, online-unloading and offline-unloading under cycle tensile stress. The results show that magnetic memory signals have different characteristics in different testing environment. It is feasible to evaluate preliminarily the stress state by the magnetic memory signals.
Introduction
Magnetic behavior of ferromagnetic materials has been using to detect defects of materials. Magneto-mechanical effect [1] [2] [3] refers to the phenomenon that the change of magnetization intensity was closely related to the change of mechanical stress or strain and other mechanical quantities. Magneto-mechanical effect has been attracting more and more attention because it is related to several technology problems [2] [3] [4] [5] [6] one of which is metal magnetic memory testing. Magnetic memory testing was suitable for early damage detect, in addition, it can help to find dangerous areas before the formation of macrocracks which cannot be realized by other nondestructive testing (NDT) methods [5] [6] [7] [8] [9] .
To make up the deficiency of this technology in quantitative research, comparison and analysis of the characteristics of the magnetic memory signals of Q235 in the three different test environments which are online-loading, online-unloading and offline-unloading were carried out.
Materials and experiment method
The material studied was Q235 carbon steel, which contains 0.12~0.20%carbon content. The yield limit of the material was 235Mpa and the strength limit was 370Mpa. The size of samples was shown in Fig 1. The defect location was 90mm from the left end, and it wasn't at the medial position. Three samples were tested in order to avoid contingency. Demagnetizing process was done before the experiments. Experiments were done on Zwick tensile testing machine. The loading speed was 2mm/min. Magnetic memory signals, Hp(y) value, were measured by the TSC-1M-4 tester of stress concentration. Fig.1 The size of samples and the measuring lines and points (mm) Measurements of surface magnetic field involved three lines L1, L2, l3 and eight points which are on the lines L1, L2 respectively, as showned in Fig.1 . The measurements contained three different test environments which are online-loading, online-unloading and offline-unloading. The load was at interval of 2, 4, 6, 8, 11, 14, 17, 18, 19, 20, 21, 22 and 23KN. At last the sample was loaded to fracture.
The samples should be kept vertical placement when tested.
Results
The test results of the three samples were similar, so taken the second sample as example. Sample yielded at load 19KN and necking at load 23KN. The results of different test states as follows. Magnetic field curves along line L1 with the change of load. The curves under online-loading were performed on the testing machine as it has loaded to the setting load. The curve of initial loading (until 2KN) and that of initial unloading were almost the same. As shown in Fig.2 (a), they were marked by yellow. Small load didn't arouse the change of magnetic memory signal. Magnetic memory signal curves were inclined to lines and they were stable when the load at the range of 2KN~19KN (yield load). As shown in Fig.2 (a), they were marked by green. With further increase of the load 19KN (yield load), wave peak and wave valley were beginning to appear at the defect location. As shown in Fig.2 (a), they were marked by blue. The curves under online-unloading were performed when the machine was unloaded to 0KN. The sample was still clamping on the tensile testing machine. Before the load 13KN (about 0.7σ s ), the curves had little change, and the position of the defect couldn't be shown. As shown in Fig.2(b) , they were marked by blue. When the load at the range of 13~19KN, wave peak and wave valley were beginning to appear at the defect location. As shown in Fig.2(b) , they were marked by green. With the load further increasing, after the yield load 19KN, magnetic memory curves had a jump. The amplitude increased by 40A/m. Wave peak and wave valley still existed. As shown in Fig.2(b) , they were marked by yellow.
The curves under offline-unloading were performed when the sample was taken from the testing machine. The curve of initial loading and that of initial unloading were obviously different. As shown in Fig.2(c) , they were marked by blue. But the position of the defect wasn't indicated. With the load increasing to 2KN, magnetic memory curves had a jump. The amplitude increased by 40A/m. As shown in Fig.2(c) , they were marked by yellow. The signal became stable until great change happened on the verge of fracture.
Magnetic field values of points with the change of load (along line L1). Magnetic field valuesof points with the change of load under online-loading were shown in Fig.3(a) . Magnetic field values of points with the change of load under online-unloading were shown in Fig.3(b) . The magnetic field values varied greatly, so the law was not obvious. The last three magnetic field values of all points increased or decreased abruptly at the time necking. Magnetic field values of points with the change of load under offline-unloading were shown in Fig.3(c) . The magnetic field values of the third point which was the defect position were marked by blue triangle. The values wobbled. The magnetic field values of the points which were on the right side of the third point developed in the direction of positive value. They increase firstly then wobbled. The magnetic field values of the points which were on the left side of the third point develop in the direction of negative value. 
Discussion
(1)Both the data of online-unloading and that of offline-unloading were obtained at the load 0KN. However, there were obvious differences between them. Firstly, the trends of curves were completely different. One was upward, but the other was downward. Secondly, the magnetic field curves under online-unloading had waves peak and waves valley, but the magnetic field curves under offline-unloading had obvious jump at the defect location. This may be related to the chuck of the tensile testing machine. The magnetic field values of the chuck ranged from -40 to 40A/m.
(2) Material crystal lattice will be changed when mechanical stress was applied to it, such as dislocation, slip. When the stress is enough big, the magnetic domain structure of the ferromagnetic sample has orientation and irreversible reorientation with the property of magnetostriction. Simultaneously, at the edge of damage area, magnetic poles appeared which will cause accumulate of magnetic charge and magnetic field would generate [10, 11] . Under the assumption that one specimen was subjected to the joint effect of geomagnetic field and tensile load, the distribution of magnetic field can be expressed as one diagram, as shown in Fig.4 . Magnetic field H which were tested on the surface was composed by three parts, leakage magnetic field Hp(y) which was generated by defect, inductive magnetic field H B of the specimen itself, and the environmental magnetic field H e . The difference between testing on-line and off-line is that the difference of the environmental magnetic field H e.
(3) The change of magnetic field values of points with the change of load under offline-unloading may be related to the magnetic pole at the end of the sample. The magnetic field values of the third point which was the defect position wobbled. The change was smaller and smaller when the point was nearer and nearer to the defect position. The most distance points from point 3 which were point 1 and
502
Manufacturing Science and Engineering I point 8 changed the largest. They increased firstly then wobbled. Stress could result in the increase of magnetic charges, but this change may tend to be stable. Fig.4 Diagram of the physical mechanism model
Conclusions
(1) Magnetic memory signal have different characteristics in the three different testing states which are online-loading, online-unloading and offline-unloading. It is better to analysis the level of stress by the data of online-unloading because they can provide more information.
(2) The data of online-loading and that of online -unloading can present the yield and necking of the sample. Whether the material has been in yield can be judged by the appearance of wave peak and wave valley of the data of online-loading. The material has been in yield and necking can be judged by the appearance of wave peak and wave valley and sudden increase of the data of online-unloading.
(3) Information of stress distribution can be obtained by the surface magnetic field distribution. It is possible to evaluate the level of stress by the magnetic memory signals.
